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Agent and cell-type specificity in the induction of insulin resistance 
by HIV protease inhibitors . 
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OBJECTIVE: To test agent and cell-type specificity in insulin resistance 
induced by prolonged exposure to HIV protease inhibitors (HPI), and to 
assess its relation to the direct, short-term inhibition of 
insulin-stimulated glucose uptake. METHODS: Following prolonged (18 h) and 
short (5-10 man ) exposure to HPI ,- insulin-stimulated glucose transport, 
protein kinase B (PKB) phosphorylation, and GLUT4 translocation were 
evaluated in 3T3-L1 adipocytes, fibroblasts, L6 myotubes, and L6 cells 
overexpressing a myc tag on the first exofacial loop of GLUT4 or GLUT1. 
RESULTS: Prolonged exposure of 3T3-L1 adipocytes to nelfinavir, but not to 
indinavir or saquinavir, resulted in increased basal lipolysis but 
decreased insulin-stimulated glucose transport and PKB phosphorylation. In 
addition, . impaired insulin-stimulated glucose uptake and PKB 
phosphorylation were also observed in the skeletal muscle cell line L6, and 
in 3T3-L1 fibroblasts. Interestingly, this coincided with increased basal 
glucose uptake as well as with elevated total-membrane glucose transporter 
GLUT1 protein content. In contrast to these unique effects of nelfinavir, 
the mere presence of any of the agents, in the 5 min transport assay 
inhibited insulin-stimulated glucose-uptake activity. This appeared to be 
caused by direct and specific interaction of the drugs with GLUT4 fully 
assembled at the plasma membrane, since insulin-stimulated cell-surface 
exposure of an exofacial myc epitope on GLUT 4 was normal. CONCLUSIONS: 
Independent mechanisms for HPI-induced insulin resistance exist: prolonged 
exposure to nelfinavir interferes with insulin signaling and alters 
cellular metabolism of adipocytes and muscle cells, whereas a direct 
inhibitory effect on insulin-stimulated glucose uptake may. occurs through 
specific interaction of HPI with GLUT4 . 
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Insulin resistance in HIV protease inhibitor -associated 

diabetes. 
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BACKGROUND: Fasting hyperglycemia has been associated with HIV protease 
inhibitor (PI) therapy. OBJECTIVE: To determine whether absolute insulin 
deficiency or insulin resistance with relative insulin deficiency and an 
elevated, body mass index (BMI) contribute to HIV Pl-associated diabetes. 
DESIGN: Cross-sectional evaluation. PATIENTS: 8 healthy seronegative men, 
10 nondiabetic HIV-positive . patients naive to PI, 15 nondiabetic 
HIV-positive patients receiving PI (BMI = 26 kg/m2), 6 nondiabetic 
HIV-positive patients receiving PI (BMI. = 31 kg/m2) , and 8 HIV-positive 
patients . with diabetes receiving PI (BMI = 34 kg/m2) . All. patients on PI 
received indinavir. MEASUREMENTS: Fasting concentrations of glucoregulatory 
hormones. Direct effects of indinavir (20 microM) on ,rat pancreatic 
beta-cell function in vitro. RESULTS: In hyperglycemic HIV-positive 
subjects, circulating concentrations of insulin, C-peptide, proinsulin, 
glucagon, and the proinsulin/insulin ratio were increased when compared 
with those of the other. 4 groups (p < .05). Morning fasting serum Cortisol 
concentrations were not different among the 5 groups. Glutamic acid 
decarboxylase (GAD) antibody titers were uncommon in all groups. High BMI 
was not always associated with diabetes. In vitro, indinavir did not 
inhibit proinsulin to insulin conversion or impair glucose-induced 
secretion of insulin and C-peptide from rat beta-cells. CONCLUSIONS: The 
pathogenesis of HIV Pi-associated diabetes involves peripheral insulin 
resistance with insulin deficiency relative to hyperglucagonemia. and a high 
BMI. Pancreatic beta-cell function was not impaired by indinavir. HIV 
Pl-associated diabetes mirrors that of non-insulin-dependent diabetes 
mellitus and impaired insulin action in the periphery. 
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.Treatment with protease . inhibitors associated with peripheral 
insulin resistance and impaired oral glucose tolerance in HIV 
-1-infected patients. 
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BACKGROUND: The. use of protease inhibitors in the treatment of HIV-1 
infection is associated with the new onset of diabetes mellitus, 
hyperlipidaemia and lipodystrophy. It is unclear whether these findings are 
coincidental or whether they reflect a causative . effect of protease 
inhibitors. OBJECTIVE: To evaluate the effect of treatment with protease 
inhibitors on insulin sensitivity, oral glucose tolerance and serum lipids 
in HIV-infected patients in order to determine whether treatment with 
protease inhibitors can cause peripheral insulin resistance. DESIGN: 
Cross-sectional controlled study in HIV-infected patients treated with 
protease inhibitors to assess insulin sensitivity, oral glucose tolerance 
and changes in serum lipids. METHODS: Sixty-seven patients treated with 
protease inhibitors, 13 therapy-naive patients and 18 HIV-negative control 
subjects were tested for insulin sensitivity (intravenous insulin tolerance 
test) . In a subgroup of 24 treated patients, oral glucose tolerance was 
determined. Serum lipids prior to and under treatment with protease 
inhibitors were compared. RESULTS: Patients on protease inhibitors had a 
significantly decreased insulin sensitivity when compared with 
therapy-naive patients (median, 75 and 156 micromol/l/min, respectively; P 
< 0.001). All treated patients with impaired (n=4) or diabetic (n=9) oral 
■glucose tolerance, ' and four out of 11 patients with normal glucose 
tolerance showed peripheral insulin resistance; all therapy-naive patients 
had normal insulin sensitivity. Treatment with protease inhibitors led to a 
significant increase in total triglycerides and cholesterol in the 67 
treated patients (median increase, 113 and 37' mg/ml, respectively) . 
CONCLUSION: Treatment -with protease inhibitors is associated with 
peripheral insulin resistance, leading to impaired or diabetic oral- glucose 
tolerance in some of the patients, and with hyperlipidaemia. Overall, there 
is a large variation in the severity and clinical presentation of protease 
inhibitor-associated metabolic side-effects. 
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• Pathogenesis of HIV -1- protease inhibitor -associated peripheral 
lipodystrophy, hyper lipidaemia, and insulin resistance . 
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HIV-1 protease-inhibitor treatments are associated with a syndrome of 
peripheral lipodystrophy, central adiposity, breast hypertrophy in women, 
hyperlipidaemia, and insulin resistance. The catalytic region of HIV-1 
protease, to which protease inhibitors bind, has approximately 60% homology 
to regions within two proteins that regulate lipid metabolism: cytoplasmic 
retinoic-acid binding protein type 1 (CRABP-1 ) and low density 
lipoprotein-receptor-related protein (LRP) . - We hypothesise that protease 
inhibitors inhibit CRABP-1 -modified, and cytochrome P4 50 3A-mediated 
synthesis of cis-9-retinoic acid, a key activator of the retinoid X 
receptor; and peroxisome proliferator activated receptor type gamma 
(PPAR-gamma) heterodimer, an adipocyte receptor, that regulates peripheral 
adipocyte differentiation and apoptosis. Protease-inhibitor binding to LRP 
would impair hepatic chylomicron uptake and triglyceride clearance by the 
endothelial LRP-lipoprotein lipase complex. The resulting hyperlipidaemia 
contributes to central fat deposition (and in the breasts in the presence 
of oestrogen), insulin resistance, and, in susceptible individuals, type 2 
diabetes. Understanding the syndrome's pathogenesis should lead to 
treatment strategies and to the design of protease inhibitors that do not 
cause this syndrome. (25 Refs.) 
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A syndrome of peripheral lipodystrophy, hyperlipidaemia and insulin 
resistance in patients receiving HIV protease . inhibitors . 
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OBJECTIVE: To describe a syndrome of peripheral lipodystrophy (fat 
wasting of the face, limbs and upper trunk) , hyperlipidaemia and insulin 
resistance in patients . receiving potent HIV protease inhibitor therapy. 
DESIGN: Cross-sectional study. SETTING: Outpatient clinic of a university 
teaching hospital. PATIENTS: HIV-infected patients either receiving at 
least one protea.se inhibitor (n=116) or protease inhibit or- naive (n=32) , 
and healthy men <n=47) . INTERVENTIONS -AND MAIN OUTCOME MEASURES: 
Lipodystrophy was assessed by physical examination and questionnaire and 
body composition by dual-energy X-ray absorptiometry. Fasting triglyceride, 
cholesterol, free fatty acid, glucose, insulin, C-peptide and fructosamine 
levels, other metabolic parameters, CD4 lymphocyte counts, and HIV RNA load 
were also assessed. RESULTS: HIV protease inhibitor-naive patients had 
similar body composition to healthy men. HIV protease inhibitor therapy was 
associated with substantially lower total body fat (13.2 versus 18.7 kg in 
protease inhibitor-naive patients; P=0.005), and significantly higher total 
cholesterol and triglyceride levels. Lipodystrophy was observed clinically 
in 74 (64%) protease inhibitor recipients after a mean 13.9 months and 
1(3%) protease inhibitor-naive patient (P=0.0001). Fat loss occurred in all 
•regions except the abdomen after a median 10 months. Patients with 
lipodystrophy experienced a relative weight loss of 0.5 kg per month and 
had significantly higher triglyceride, cholesterol, insulin and C-peptide 
levels .and were more insulin-resistant than protease inhibitor recipients 
without lipodystrophy. Patients receiving ritonavir and saquinavir in 
combination had significantly lower body fat, higher lipids and shorter 
time to lipodystrophy than patients receiving indinavir. Three (2%) 
patients developed new or worsening diabetes mellitus. CONCLUSION: A 
syndrome of peripheral lipodystrophy, hyperlipidaemia and insulin 
resistance is a common complication of HIV protease inhibitors. Diabetes 
mellitus is relatively uncommon. . 
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The . HIV protease inhibitor nelf inavir induces insulin resistance 
and increases basal lipolysis in 3T3-L1 adipocytes. 
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HIV protease . inhibitors (HPIs) are potent antiretroviral agents 
clinically used in the management of HIV infection. Recently, HPI therapy 
has been linked to the development of a metabolic syndrome in which 
ari.i pocyt 9 insul in resistance appears to play a major role In this study, 
we assessed the effect ' of nelfinavir on glucose uptake and lipolysis in 
differentiated .3T3-L1 adipocytes. An 18-h. exposure to nelfinavir resulted 
in an impaired insulin-stimulated glucose uptake and activation of basal 
lipolysis. Impaired insulin, stimulation of glucose up take occurred at 
nelfinavir concentrations >10 micromol/1 (EC (50). = 20 micromol/1) and could 
be attributed to impaired GLUT 4 translocation. Basal glycerol and free 
fatty acid (FFA) release were significantly enhanced with as low as 5 
micromol/1 nelfinavir, displaying fivefold stimulation of FFA release at 10 
micromol/1. Yet, the antilipolytic action of insulin was preserved at this 
concentration. Potential underlying mechanisms for these metabolic effects 
included both impaired insulin stimulation .of protein kinase B Ser 473 
phosphorylation ' with preserved insulin receptor substrate ' tyrosine 
phosphorylation and . decreased expression of the lipolysis regulator 
perilipin. Troglitazone pre- and cotreatment with nelfinavir partly 
protected the cells from the increase in basal lipolysis, but it had no 
effect on the impairment in insulin-stimulated glucose uptake induced by 
this HPI. This study demonstrates that nelfinavir induces insulin 
resistance and activates basal lipolysis in. differentiated 3T3-L1 
adipocytes, providing potential cellular mechanisms that may contribute to 
altered adipocyte metabolism in treated HIV patients. 
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The HIV protease inhibitor indinavir impairs sterol regulatory 
element-binding protein-1 intranuclear localization, inhibits preadipocyte 
differentiation, and induces insulin resistance . 
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Protease inhibitors used in the treatment of HIV infection have been 
causally associated with lipodystrophy and insulin resistance and were 
shown to alter adipocyte differentiation in cultured cells. We aimed to 
'delineate the mechanism by which indinavir impaired adipocyte function. We 
report that indinavir altered neither the growth nor insulin sensitivity of 
3T3-F4 42A preadipocytes , nor did it alter the initial step of their 
differentiation, i.e., clonal proliferation. However, adipose conversion 
was . inhibited by indinavir (by 50-60%), as shown by 1) the decrease in the 
number of newly formed adipocytes; 2) the lower level of the adipogenic 
protein markers, sterol regulatory element-binding protein-1 (SREBP-1), 
peroxisome prolif erator-activated receptor-gamma (PPAR-gamma) , and the 
insulin receptor (IR) ; and 3) the lack of SREBP-1 and. PPAR-gamma 
immunoreactivity in the nucleus of most indinavir-treated cells. Partial 
adipose conversion also correlated with an accumulation of SREBP-1 at the 
nuclear periphery and an alteration in its electrophoretic mobility. 
Defective expression and nuclear localization of PPAR-gamma probably 
resulted from the decreased level of nuclear SREBP-1. Indinavir also 
rendered 3T3-F442A' adipocytes resistant to insulin for mitogen-activated 
protein kinase activation at a step distal to IR substrate-1 tyrosine, 
phosphorylation. Hence, indinavir impairs differentiation at an early step 
of adipose conversion probably involving the process controlling SREBP-1 
intranuclear localization. 
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Hyperlipidemia and insulin resistance are induced by protease 
inhibitors independent of changes in body composition in patients with 
HIV infection. 
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Although protease inhibitor (PI) therapy has improved. the clinical status 
of patients with HIV infection, concerns have arisen that such treatment ' 
may have deleterious effects on glucose control, lipid metabolism, and body 
fat distribution. To determine whether initiation of PI therapy .uniquely 
affects glucose and lipid metabolism, we. analyzed paired data in 
HIV-infected patients before and after beginning antiretroviral therapy 
that included a PI (PI; N = 20) or lamivudine (3TC) but no PI (3TC; N = 9); 
and a control group on stable regimens that included neither of these 
agents (CONT: N = 12) . Measurements included fasting glucose; insulin; 
triglycerides; total, high-density lipoprotein " (HDL) and low-density 
lipoprotein (LDL) cholesterol; HIV RNA; CD4+ lymphocytes; weight; and total 
and regional body composition. Neither weight nor total or regional fat 
content changed significantly in any group during the period of 
observation. Nonetheless, . in patients beginning PI therapy, there were 
significant increases in glucose (+9+/-3 mg/dl;. p = .0136), insulin 
(+12.2+/-4.9 U/ml; p = .023), triglycerides (+53+/ -17 mg/dl; p = .0069), 
and total and LDL cholesterol (+32+/-11 and +18+/-5 mg/dl; p = .0082 and 
.0026, respectively). None of these parameters changed significantly in the 
3TC or CONT groups. The PI and 3TC groups experienced comparable increases 
in CD4+ lymphocytes, suggesting that the observed metabolic effects may be 
associated with Pis uniquely, rather than improvement in clinical status. 
However, it is also possible that the metabolic effects of Pis are 
associated with more effective viral suppression, because a- greater 
proportion of patients in the PI group achieved undetectable levels of 
virus. We conclude that changes in glucose and lipid metabolism are induced 
by PI therapy in the absence of significant changes in weight or fat 
distribution. Longer periods of follow-up will be required to determine the 
clinical significance of these changes. However, at the moment, the risks 
associated with these metabolic effects do not appear to outweigh 
improvements in survival seen with PI therapy. 
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The Adult AIDS Clinical Trials Group has responded to research showing a 
link between HIV antiretroviral treatment and metabolic disorders with 
guidelines that offer recommendations for assessing, monitoring, and 
treating the problem. According to the AACTG, up to 40% of HIV patients on 
a protease inhibitor-containing regimen will have impaired glucose 
tolerance caused ' by significant insulin resistance, which can lead to 
increased risk of cardiovascular complication. 
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This study assessed glucose tolerance, insulin sensitivity and lipid 
parameters in HIV-infected patients presenting with lipodystrophy during 
HAART including protease inhibitors. Fourteen consecutive patients from 
Rothschild Hospital treated with HAART and presenting with marked facial 
lipoatrophy were evaluated. A 75 g oral glucose tolerance test (OGTT) with 
measurement of plasma glucose f insulin, proinsulin and free , fatty acids at 
TO, 30, 60, 90 and 120 min was performed. Lipid parameters (triglycerides, 
cholesterol, apolipoproteins Al and B) were studied as well as nutritional 
and inflammatory markers (albumin, prealbumin, transferrin, haptoglobin, 
orosomucoid, C-reactive protein) , endocrine and cytokine parameters 
(thyrotropin, Cortisol, • leptin, interleukin-6) , HIV • viral load and 
CD4- lymphocyte count. These patients were compared with 20 
non-lipodystrophic protease inhibitor-treated patients. The measurements 
performed during OGTT showed that among the 14 lipodystrophic patients, 11 
(79%) presented with diabetes (5 patients) or normal glucose tolerance but 
with insulin resistance (6 patients) . This frequency was strikingly 
different in the group of noniipodystrophic patients, which included only 4 
(20%) presenting with diabetes (1 patient), or impaired glucose tolerance 
(2 patients), or normal glucose tolerance but with insulin resistance (1 
patient) . Hypertriglyceridaemia was present in 11 lipodystrophic (79%) 
versus 7 noniipodystrophic patients (35%) . Nutritional and endocrine 
measurements were normal. An abnormal processing of proinsulin to insulin 
was excluded. Thus, lipodystrophy during HAART was ' associated with 
diabetes, insulin resistance and hypertriglyceridaemia. Diabetes, diagnosed 
by basal and/or 120 min-OGTT glycaemia, seems more frequent than previously 
described. The therapeutic consequences of these results deserve evaluation 
in clinical trials. _ . 
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OBJECTIVE: To describe the syndrome of lipodystrophy, hyperlipidemia, 
insulin resistance. and diabete-s in patients with human immunGdef i-ciency 
virus (HIV) infection treated- with protease inhibitor drugs. METHODS: This 
is a case series of patients referred from an infectious disease clinic to 
a ■ diabetes-endocrinology clinic in an academic medical center because of 
severe metabolic problems that occurred during the course of 
otherwise-successful . treatment of HIV infection. The clinical course, 
abnormalities on physical examination, laboratory data, and complications 
are described and analyzed. The pathogenesis of the syndrome is discussed 
and compared with that of type 2 diabetes, lipoatrophic diabetes, and mouse 
models of lipodystrophy. RESULTS: In six male patients, receiving 
antiretroviral therapy for HIV infection, a syndrome of lipoatrophy of the 
face, legs, and buttocks, hyperlipidemia (predominantly 

hypertriglyceridemia), and type 2 diabetes mellitus was noted. Two patients 
had pronounced abdominal obesity, in contrast to their thin extremities. 
Five of the six patients were receiving protease inhibitor drugs, which 
•have been thought to contribute to metabolic abnormalities. In two 
patients, ischemic heart disease had developed. CONCLUSION: Protease 
inhibitors frequently cause insulin . resistance and lipoatrophy in 
subcutaneous adipose tissue. These abnormalities are associated with 
visceral adiposity, hyperlipidemia, diabetes, and cardiovascular 
consequences and represent an important and unsolved problem in the 
treatment of HIV-infected patients. (29 Refs.) 
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BACKGROUND: Treatment for HIV-1 infection is complicated by fat 
redistribution (lipodystrophy) This is associated -with insulin resistance 
concerning glucose uptake. Our aim was to characterize glucose metabolism 
more comprehensively in HIV-l-inf ected patients with lipodystrophy. We 
assessed glucose disposal and its pathways, glucose production, plasma free 
fatty acid (FFA) levels, and the degree to which these parameters could be 
suppressed by insulin.' METHODS: Six HIV-l-inf ected men on protease 
inhibitor-based HAART with lipodystrophy (HIV+LD) were studied. The results 
were compared with those in six matched healthy male volunteers. Insulin 
sensitivity was quantified by hyperinsulinemic euglycaemic clamp. Glucose 
production and uptake were' assessed by tracer . dilution employing 
6, 6D (2) -glucose. RESULTS: At post-absorptive insulin concentrations, 
glucose production was 47% higher in HIV+LD than controls (P = 0.025). 
During clamp, glucose production was suppressed by 53% in HIV+LD, but by 
85% in controls (P.= 0.004). Glucose disposal increased in both groups, but 
by only 27% in HIV+LD versus 201% in controls (P = 0.004). Consequently, 
insulin-stimulated total glucose disposal was lower in HIV+LD patients (P = 
0.006).. Non-oxidative glucose disposal as percentage of total disposal did 
not differ significantly between groups (63% in HIV+LD and 62% in 
controls). Baseline plasma FFA concentrations were higher (0.60 versus 0.35 
mmol/1; "P = 0.024), whereas FFA decline during hyperinsulinemia was less 
(65 versus 85%; P = 0.01) in HIV+LD versus controls. CONCLUSIONS: 
Post-absorptive glucose production is increased in HIV-l-infected patients 
with lipodystrophy. Moreover, both the ability of insulin to suppress 
endogenous glucose production and lipolysis, and to stimulate peripheral 
glucose uptake and its metabolic pathways is reduced, indicating severe 
resistance concerning multiple effects of insulin. 
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There is increasing recognition of new features in the insulin resistance 
syndrome and its association with new disease states or treatment 
modalities. Recent additions to the list of features in the insulin 
resistance syndrome include elevated non-esterif ied fatty acids, 
abnormalities ' in visceral fat metabolism, elevated uric acid, elevated 
hematocrit, endothelial dysfunction, abnormalities in glucocorticoids, and 
differences in the phenotypic expression of the syndrome between men and 
women. A critical .factor that may be inherent in the syndrome is the 
distribution and metabolism of visceral fat. This finding is also 
accompanied by the recognition of the role of non-esterif ied fatty acids as 
a cause of many of the risk factors in the insulin resistance syndrome. 
Elevated non-esterif ied fatty acids contribute to hypertension, glucose 
intolerance and increased arteriosclerosis. Elevated Cortisol levels and 
disrupted metabolism, as well as abnormalities in the 
hypothaiamic-pituitary-adrenal axis are seen in the insulin resistance 
syndrome. In women, adipose cells express fewer glucocorticoid receptors 
and less of the enzyme that metabolizes Cortisol, llbeta-hydroxysteroid 
dehydrogenase. Several inflammatory factors such as tumor necrosis 
factor-alpha may be an etiologic link in the risk found in the insulin 
resistance syndrome. Certain cases of the syndrome appear to be related to 
specific drug therapies (steroids, immunosuppressive agents and 
antiretroviral agents), as seen in transplant patients and HIV-infected 
individuals. . (96 Refs.) 
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In 1997, and mainly in 1998 and 1999, a lipodystrophic syndrome with 
central obesity, peripheral fat loss, hyperlipidemia, hyperglycemia and 
insulin-resistant-diabetes II, was described as the most frequent 
manifestation' of toxicity of HIV1 virostatic therapy, associated with 
protease inhibitors (PI) in 83% of the patients who used them for 10 
months. Almost similar syndromes had been published before the latter, due, 
for example. to ox a ft v.? host reaction,- or autoimmunity against insulin 
receptors, or to caloric excess in the presence of androgens (the mediator 
being hyperinsulinemia) Carr and Cooper have presented an original 
pathophysiological mechanism for the Pi-associated syndrome, residing in 
63% homology between HIVl-protease and the 3-low-density-lipoprotein-recept 
or-related protein .(LRP) , and in 53%. homology between this virus enzyme and 
retinoid-binding-protein type 1 (CRAB1) . The treatment should be more 
subtle than those of common obesity and/or type II diabetes. This 
HIVl-protease inhibitor toxicity can be prevented by alternating several 
antiproteases in short sequences of the different ones. (34-Refs.) 
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Protease inhibitors are drugs that are commonly used in the therapy of 
people living with HIV infection. These drugs are commonly used in 
combination and act by inhibiting viral protease, blocking viral 
replication. Adverse drug reactions to protease inhibitors include 
qast rointest inal problems.. rash and metabolic disturbances. The metabolic 
derangements associated with protease inhibitor therapy are the most 
problematic adverse events associated with therapy, and vary in incidence 
from drug to drug. These derangements include hyperlipidemia, abnormal fat 
distribution (lipodystrophy) and impaired glucose tolerance, which is 
believed to be due to peripheral insulin- resistance. Clinicians caring . for 
patients being treated with protease inhibitors must be vigilant for 
adverse events, notably those involving altered lipid and glucose 
metabolism. (98 Refs.) 
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The use of HIV protease inhibitors (Pis) may be associated with serious 
adverse side effects . that include fat tissue redistribution, 
hyperlipidemia, and insulin resistance.. The etiology of this toxic 
metabolic syndrome (commonly referred to as 'HIV lipodystrophy syndrome 1 ) 
remains to be elucidated. The interpretation of available clinical data on 
this subject is complicated in part by the pervasiveness of potential 
confounding factors that cannot be easily eliminated or adequately 
controlled. Numerous . investigators have examined the effects of Pis on 
cellular processes in model systems amenable to extensive experimental 
manipulations; the present review primarily focuses on these • efforts . The 
ultimate goal is the unambiguous identification of discrete cellular 
targets being surreptitiously impacted by Pis. SREBP and Glut 4 are 
discussed as candidate target molecules in this context. The identification 
of cellular factors interacting with Pis represents a necessary first step 
in devising rational strategies for improvement in drug therapy. (49 
Refs. ) 
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One approach to target the long-term metabolic toxicity and disfiguring 
body-shape changes associated with antiretroviral therapy is to switch one 
component of a regimen to an alternative drug, usually from, a different 
class of .antiretrovirals . Most commonly, substitutions have involved 
protease inhibitors, but the thymidine analogue nucleosides, especially 
stavudine, have been investigated more recently. Certain trends from these 
studies ' have emerged. First, if the patient has. had sustained viral 
suppression, switching therapy is generally virologically safe. Second, 
metabolic disturbances, such as insulin resistance and dyslipidemia, appear 
to be at least partially reversible. Substitution of other agents for 
protease inhibitors has not been associated with reversal or improvement in 
fat redistribution. Studies in which . thymidine analogue 

reverse-transcriptase inhibitors have been switched have reported modest 
improvements in peripheral lipoatrophy. Larger, . controlled, long-term 
studies and a more standardized approach to definition of metabolic and 
morphological abnormalities are needed. (57 Refs.) 
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[Lipodystrophy and 'buffalo hump' during treatment with HIV protease 
inhibitors] 
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In three patients, a 36-year-old HIV seropositive homosexual man and two 
women aged 35 and 59 years who had acquired HIV infection through 
heterosexual contact.- signs of lipodystrophy developed after prolonged 
anti-HIV triple therapy. The observed syndrome is seen after prolonged use 
of HIV .protease inhibitors: it is characterized by peripheral fat wasting, - 
central fat accumulation, hyperlipidaemia and insulin resistance. Typically 
the subcutaneous fatty tissue disappears resulting in prominent zygomata, 
veins and muscles and thinning of extremities and buttocks. In addition to 
abdominal fat accumulation, there have been reports on the occurrence of a 
dorsocervical fat pad, the so-called buffalo hump. Lipodystrophy caused by 
protease inhibitors is a risk factor for cardiovascular disease. 
Recognition of the syndrome is essential for . adequate follow-up and 
possible treatment. 
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Over the' last few years, there has been a considerable reduction in the 
mortality and morbidity associated with HIV patients, due. to the use of 
protease inhibitors which have led to a true revolution in the treatment of 
this infection. A new problem has arisen with the increased life 
expectancy: the onset of a plurimetabolic syndrome characterized by 
hypertriglyceridaemia, hypercholesterolemia and hyperglycaemia; in 
addition to anomalies in composition and distribution of body fat' (central 
obesity and loss of peripheral fat) due to the associated lipodystrophy. As 
a result of the metabolic alterations, .there is an increase in the risk of 
cardiovascular disease. Hyperglycaemia is the result of insulin resistance 
and is detected in between 13.6% and 46% of patients, possibly leading to 
type 2 diabetes (diagnosed in between 2.4% and 7% of the patients). These 
alterations have been documented as potentially related with the use of 
protease inhibitors and other drugs used in the handling of HIV patients. 
The appropriate treatment of altered metabolism of carbohydrate requires: 
1) a customized dietary approach depending on individual BMI and lipid 
alterations; 2) a physical exercise programme; 3) the use of insulin 
sensitization drugs: metformin and thiazolidinediones and, where the 
therapeutic goals are not achieved or there is a contraindication for oral 
hypoglycaemic drugs; 4) ' insulin therapy with regimens similar to other 
diabetic patients. (34 Refs.) 
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Numerous anecdotal reports, clinical observations, and newly published 
studies provide . evidence of the growing interest and concern about body 
shape changes and metabolic complications seen in HIV infection. At first 
believed to be a single complication caused by the protease inhibitor class 
of antiretroviral therapy, the f ocus of research is shifting to distinct 
syndromes with multiple causes. In this unfolding story, pe-riphs-ral fat 
atrophy, central fat accumulation, dyslipidemia, and glucose disregulation 
characterize the more commonly recognized syndromes. Osteoporosis and 
osteopenia have been recently, observed. While the etiologies await 
discovery, the long-term consequences of these metabolic changes demand the 
expertise of clinicians not formerly considered "front-line" in HIV/AIDS 
treatment, such as orthopaedic nurses. 
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Decreased insulin sensitivity, hyperlipidemia, and body fat changes are 
considered as risk factors for coronary heart disease (CHD) .- A clustering 
of such factors (metabolic syndrome [MSDR] ) exponentially increases the 
risk. Impaired fibrinolysis and increased coagulation are additional 
independent- risk factors for CHD. We studied the effects of protease 
i nh i b i t o r (PI) -containing h x g.b .1 y ac t i ve ant i ret rov i r a 1 the r apy ( HAART ) on 
metabolic and hemostatic parameters in 363 HIV-infected individuals, of 
whom 266 were receiving Pi-containing HAART and 97 were treatment naive. 
The fasting plasma levels of insulin, glucose, triglycerides, cholesterol, 
high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, 
plasminogen activator inhibitor type 1- (PAI-1), and fibrinogen were 
evaluated together with the areas of visceral adipose tissue and the 
visceral adipose tissue/subcutaneous adipose tissue area ratio. The levels 
of insulin, triglycerides, cholesterol, and low-density lipoprotein 
cholesterol; visceral adipose tissue. area; low-density 

lipoprotein/high-density lipoprotein ratio; and visceral adipose 
tissue/subcutaneous adipose tissue area ratio were significantly increased 
in patients receiving Pl-containing HAART compared with treatment-naive 
patients. The levels of PAI-1 and fibrinogen were significantly higher in 
patients receiving Pi-containing HAART. PAI-1 levels were higher in 
individuals with MSDR but also in patients without MSDR who were receiving 
Pi-containing HAART. PAI-1 was independently correlated to use of 
Pi-containing HAART, triglyceride level,, insulin level, and body mass index 
(p <.001). These findings suggest that patients .receiving Pi-containing 
HAART have decreased fibrinolysis and increased coagulability, which may 
thus represent additional risk factors for cardiovascular disease in this 
patient group.. 
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The editors of ACC recognize that our coverage of the topic of metabolic 
complications is unable to address all of the issues that clinicians face 
on a daily basis. The absence of information to guide clinicians on the 
management of lipoatrophy, fat accumulation, avascular necrosis, and breast 
enlargement is a reflection of the limitations of current data, not a 
statement about the importance of these topics. As new data emerge in these 
areas we will strive to keep our readers informed. Much work remains to be 
done in defining the causes of ; and treatments for, the metabolic 
complications of HIV infection. For starters, a more critical assessment of 
the metabolic profiles of each of the available antiretroviral agents — or, 
at a minimum, an understanding of their impact on lipid levels and glucose 
metabolism in treatment-naive patients — is long overdue. Although it is 
clearly not possible to examine all of the potential combinations of the 
available agents in equal depth, some basic information about all of the 
FDA-approved drugs should be developed. Only through careful study of the 
underlying mechanisms by which these agents contribute to the development 
of the myriad of metabolic abnormalities will we be able to develop new 
agents and optimal management strategies for people living with HIV 
infection. 
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OBJECTIVE: To examine the relationships between protease inhibitor (PI) 
therapy, body fat distribution and metabolic disturbances in the HIV 
lipodystrophy syndrome. DESIGN: Cross-sectional study. SETTING :■ HIV primary 
care practices. . PATIENTS: Pi-treated patients with lipodystrophy (n= 14) 
and Pi-treated (n= 13) and Pi-naive (n= 5) patients without lipodystrophy. 
MAIN OUTCOME MEASURES: Body composition was assessed by physical 
examination, dual-energy X-ray absorptiometry and computed tomography. 
Insulin sensitivity (SI) was' measured using the insulin-modified frequently 
sampled intravenous glucose tolerance test. Lipid profiles, other metabolic 
parameters, duration of HIV infection, CD4 lymphocyte counts, HIV-1 RNA 
load and' resting energy expenditure (REE) were also. assessed. RESULTS: 
Pl-treated patients with lipodystrophy were significantly less insulin 
sensitive than Pi-treated patients and Pi-naive patients without any 
changes in fat distribution (SI(22) x 10(-4) (min (-1 ) /microU/ml) versus 3.2 
x 10(-4) and 4.6 x 10(-4) (min (-1 ) /microU/ml ) , respectively; P < 0.001). 
Visceral adipose tissue area and other measures of central adiposity 
correlated strongly with metabolic disturbances as did the percent of total 
body fat present in the extremities; visceral adipose tissue was an 
independent predictor of insulin sensitivity and high density lipoprotein 
cholesterol levels. REE per kg lean body mass was significantly higher in 
the group with lipodystrophy compared to the groups without lipodystrophy 
(36.9 versus 31.5 and 29.4 kcal/kg. lean body mass; P < 0.001), and SI was 
strongly correlated with and was an independent predictor of REE in this 
population. CONCLUSIONS: Body fat distribution and metabolic disturbances 
are strongly correlated in the HIV lipodystrophy syndrome and REE is 
increased. 
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BACKGROUND: Lipodystrophy, dyslipidaemia and insulin resistance often 
complicate protease inhibitor-containing antiretroviral therapy. The aims 
of this study were to determine if these are reversible with continued HIV 
suppression following protease ixvbjJxi tor substitution. METHODS: Eighty-one 
HIV protease inhibitor recipients (78 male; mean antiretroviral therapy, 55 
months) with predominant peripheral lipoatrophy, HIV RNA < 400 copies/ml 
plasma for at least the preceding 6 months, and no prior abacavir, 
non-nucleoside analogue or adefovir therapy were randomized 3 : 2 to 
continue nucleoside analogues and substitute protease inhibitor (s) with 
abacavir, nevirapine, adefovir and hydroxyurea (n = 4 9) or to continue all 
therapy {n = 32) with an option to switch at week 24. The primary endpoints 
were total body fat and HIV RNA at week 24. Other assessments were regimen 
safety, regional body composition, metabolic parameters, quality of life, 
and CD4 T-lymphocyte counts to week' 48. RESULTS: There was a greater 
decline in total body fat in the switch group than in the continue group 
(-1.6 and -0.4 kg, respectively at week 24; P - 0.006). This comprised 
greater declines in limb and subcutaneous abdominal fat, and in 
intra-abdominal fat of patients with moderate or severe abdominal fat 
accumulation. Viral suppression was similar, despite 18 -(37%) switch group 
patients ceasing at least one study drug by week 24 because of adverse 
events. Total cholesterol and triglycerides declined more in the switch 
group (both P < 0.002). High density lipoprotein cholesterol increased 
significantly in both groups at week. 48 (P < 0.02). There was no change for 
any glycaemic parameter. CONCLUSIONS: In predominantly lipoatrophic 
patients, switching from HIV protease inhibitor therapy lead to improved 
lipids and less intra-abdominal fat, but also to less peripheral fat, and 
had minimal effect on insulin resistance. Virological control in these 
heavily pretreated patients was unaffected, despite frequent switch drug 
cessations . 
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Mortality rates in the HIV-infected patient population have decreased 
with the advent of highly active antiretroviral therapy (HAART) for the 
treatment of AIDS. Due to the chronic nature of HAART, long-term metabolic 
complications are associated with therapy, such as hyperlipidemia, fat 
redistribution and diabetes mellitus. Currently, all of these symptoms are 
classified as the lipodystrophy (-LD) syndrome (s). However, hyperlipidemia 
and fat redistribution occur .independently,- indicating there may be 
multiple syndromes associated- with HAART. Although fat gain/loss - and 
dyslipidemia occur in protease inhibitor (PI) naive patients treated with 
nucleoside reverse transcriptase inhibitors (NRTIs), combination therapies 
(PI and NRTI) accelerate the syndrome. Recent clinical trials, cell culture 
and animal studies indicate that these effects are not drug class specific 
and select Pis, NRTIs and non-nucleoside reverse transcriptase inhibitors 
(NNRTIs) can be associated with metabolic complications. Moreover, the 
effects can vary between various members of the same class of 
antiretroviral agents (i.e. not all Pis cause the same adverse reactions) 
and may be influenced by duration of infection, genetics and environmental 
factors. Although HAART increases the risk of metabolic complications, this 
does not outweigh the benefits of survival. In this review, we summarize 
the latest clinical and scientific information on these metabolic 
complications, examine current hypotheses explaining the' syndromes and 
comment on the existing methods available to manage these metabolic side 
effects. (150 Refs. ) 
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HIV protease inhibitors have been successfully incorporated into therapy 
for patients with HIV. These otherwise efficacious treatments present with 
multiple metabolic side-effects and body habitus changes known as the 
lipodystrophy syndrome. Direct associations of the lipid abnormalities with 
protease inhibitor use have been described, and ongoing studies are focused 
on describing mechanisms for futuxe intervention. Mechanisms based on the 
molecular identity of the protease inhibitor target with human proteins, 
interference with aspects critical to lipoprotein production, and 
interference with adipocyte differentiation have been described. This 
review highlights the complexities of this syndrome, and discusses putative 
mechanisms whereby protease inhibitors cause hyperlipidemia. (47 Refs.) 
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Currently available protease inhibitors are associated with development 
of a group of metabolic disorders. These include a peripheral lipodystrophy 
syndrome in which there is fat wasting in the face, arms, and legs; fat 
accumulation in the abdomen, dorsocervical region, and/or breasts (women 
only) ; as well as hyperlipidemia, hypercholesterolemia, and insulin 
resistance. A review of 15 observational studies arid case reports shows 
that the incidence of the peripheral Lipodystrophy syndrome increases with 
time of exposure to protease inhibitors, with a >60% incidence seen- after 1 
year of continuous treatment. Protease inhibitors are hypothesized to cause 
this syndrome by impairing conversion of retinoic acid to cis-9-retinoic 
acid (leading to impaired peripheral fat storage, sequestration of body fat 
to central adipocytes, and hyperlipidemia) and by inhibiting low-density 
lipoprotein receptor-related protein (LRP), thus preventing postprandial 
chylomicron clearance and further contributing to hyperlipidemia. Recent in 
vitro data suggest that more than one pathway contributes to the 
lipodystrophy syndrome and that pathways may differ among protease 
inhibitors. Although the central fat . accumulation, hyperlipidemia, and 
insulin resistance components of this syndrome may reverse after 
discontinuation of protease inhibitor therapy, it is not known whether 
complete normalization of fast-wasted body regions is possible. Prospective 
controlled studies are needed to define whether protease inhibitors 
currently under development are less prone to produce the lipodystrophy 
syndrome. (37Refs.) 
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A study by doctors in Spain found that people taking antiviral therapy 
may develop higher-than-nbrmal levels of lipids and glucose in their blood, 
insulin resistance, and body shape changes due to fat redistribution. 
Switching to ■ Nevirapine (Viramune) from a protease-based regimen reversed 
these side effects in . 6 months, and levels of CD4 + and viral load remained 
unchanged in most subjects. Although lab measures were improved, body shape 
did not return completely to its pre-protease shape in any of the subjects. 
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A study by doctors in Germany found that HIV-infected people who received 
PI therapy were more likely to have problems with their body's ability to 
use glucose. PI use was associated with reduced insulin sensitivity, and 
the development of diabetes in severe cases. In addition, PI treated 
subjects had increased levels of lipids in the blood, specifically 
triglycerides and cholesterol. These levels were not linked to the amount 
of time people used Pis. 
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The annual meeting of the Infectious Diseases Society of America (IDSA) 
focused on reasons for HIV treatment failure, modification of failed 
treatment, and costs and adverse effects of therapy. Featured were studies 
on virological rebound during antiretroviral therapy and hormonal therapy 
given to patients exhibiting lipodystrophy-associated body changes. More 
than 90% of HIV-positive individuals display ■ evidence of previous herpes 
simplex virus (HSV) infection. A correlation drawn between the acquisition 
of .HSV-2 and HIV through sexual contact indicated HSV-2 may play a role in 
the transmission of HIV. Rising treatment costs by newer anti-KIV therapies 
are offset by lower expenses for nondrug medical services. 
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The 3rd International Conference on Nutrition and HIV Infection 
emphasized lipodystrophy and the metabolic implications of highly active 
antiretroviral therapy (HAART) . Several presentations challenged the idea 
that protease inhibitors alone caused lipodystrophy. The way lipodystrophy 
manifests itself appears to differ by gender; study results were described. 
The impact of dietary fat on elevated blood lipids was also discussed. The 
use of human growth hormone a-s a treatment was explored. 
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New-onset diabetes mellitus, clinically similar to type 2 diabetes, will 
affect a small proportion (l%-6%) of patients infected with human 
immunodeficiency virus (HIV) who are treated with HIV-1 protease inhibitors 
(Pis). However, insulin resistance and impaired glucose tolerance will 
develop during PI treatment j.n a considerable proportion of patients. 
Dyslipidemia, abdominal obesity, and. loss of peripheral fat frequently 
coexist with insulin resistance, but it is not clear whether all of these 
result from a common pathogenic mechanism. Recent data suggest that insulin 
resistance may also be associated with HIV infection in patients not 
receiving PI therapy. The long-term consequences of insulin resistance in 
this population are not known. The effect of switching to other 
antiretroviral therapies has not been fully determined. Treatment of 
established diabetes mellitus should generally follow existing guidelines. 
There is no clinically useful screening test that will determine the 
existence and degree of insulin resistance in individual patients. It is 
therefore reasonable to recommend general measures to increase insulin 
sensitivity in all patients infected with HIV, such as weight reduction for 
obese. persons and regular aerobic exercise. (83 Refs.) 
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BACKGROUND: HAART has been associated with metabolic abnormalities 
(hyperlipidemia, insulin resistance, alterations in Cortisol metabolism) 
and fat redistribution. SETTING: A prospective study of 26 Caucasian men 
(median age 4 3.5 year?) with HIV-1 viral loads < 500' copies /ml for 12 
months while on highly active antiretroviral therapy (HAART) who 
interrupted treatment for a median of 7.0 weeks (range 4.9-10.3 weeks). 
Seventeen (65.4%) patients reported at least one fat redistribution symptom 
at baseline. METHOD: Serum lipids, glucose and insulin levels during an 
oral glucose tolerance test, 24-rh urinary free Cortisol and 
17-hydroxycorticosteroids, and anthropometric parameters were measured 
before HAART cessation and prior to. its reinstitution . RESULTS: When 
baseline values were compared with those obtained after HAART interruption 
(means +/- SD) , there, was a significant decrease in total cholesterol 
(194+/-47.3 versus 159+/-29.3 mg/dl; P < 0.0001), low density lipoprotein 
(LDL) cholesterol (114+/-32 . 6 . versus 96+/-24 . 7 mg/dl; P = 0.0013), 
triglycerides (261+/-244.3 versus 185+/-165.4 mg/dl; P = 0.008), and 
24-hour urinary 17-hydroxycorticosteroids (15+/-7.9 versus 5+/-2.S mg/24 h, 
P < 0.0001) and a significant increase in 24-hour urinary free Cortisol 
(45+/-34.1 versus 62+/-32.2 microg/24 h; P = 0.016). There were no 
significant changes in glucose or insulin levels or in anthropometric 
measurements. CONCLUSIONS: A relatively brief interruption . of HAART 
resulted in significant improvements in total cholesterol, • LDL cholesterol, 
and triglyceride levels. No . changes were observed in insulin resistance 
profiles or anthropometric measurements, perhaps because of the brief 
duration of HAART interruption. These results suggest that hyperlipidemia 
and alterations in corticosteroid metabolism in the setting of HAART are a 
direct drug effect that reverses with drug withdrawal. However, glucose 
metabolism and fat redistribution do not change over the short term. 
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The potency of highly active antiretroviral therapy, including protease 
inhibitors have led to- declining morbidity and mortality in patients with 
HIV infection. However the use of protease inhibitors is associated with 
onset of morphologic and metabolic disorders. A syndrome of lipodystrophy 
has been described. It is cbaxacterized by fast wasting of the face and 
limbs, and a central adiposity, breast hypertrophy and buffalo neck. The 
prevalence of lipodystrophy in patients treated with protease inhibition is 
about 60%. The principal metabolic disorders are lipid abnormalities, 
principally hypertriglyceridemia. New onset of diabetes mellitus is less 
frequent. The pathogenesis of these abnormalities unknown. Insulin 
resistance seems to be a common feature of protease inhibitor associated 
metabolic an morphologic side-effects. .(26 Refs.) 
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HIV infection induces an early decrease of cholesterol and a late 
increase of triglycerides (TG) with a reduction of HDL. These changes are 
proportional with the lowering of CD4 , which reflects the infection's 
severity. Both the increase of TG synthesis and the decrease of TG 
catabolism, in relation with a reduction of lipoprotein lipase activity, 
are responsible of these changes. Moreover, LDL catabolism is enhanced by 

LDL which are more easily oxidized. Many cytokines (interferon alpha, 
interleukins, TNF) play probably a pathogenic role in the dyslipidemia . 
Some HIV patients who received antiproteases may develop lipodystrophy with 
central obesity, insuiino-resistance, glucose intolerance and sometimes 
diabetes (like in syndrome X) . Other patients present a cushingoid, buffalo 
hump. This complication may be observed also with antiretroviral treatment 
other than antiproteases. The physiopathology of these findings could be in 
relation with structural homologies between antiproteases and some 
important proteins, ' involved in lipid and adipocyte metabolism. 
Cardiovascular risk linked to these perturbations is evident. The treatment 
is not different from the treatment for seronegative, hyper lipidemic 
patients: struggle against risk factors, diet advices, fibrates or statins. 
The antiproteases bring huge contribution to the prognosis of AIDS patients 
but the risk of cardiovascular complications could impair this therapeutic 
progress. So, it is essential to understand the pathogeny of these 
complications in order to discover new antiproteases, without these adverse 
side effects. 
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[Dysmetabolic syndrome related to HIV-1 protease inhibitors. Review of 
the literature and personal data] 
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HIV-positive patients receiving antiretroviral therapy with HIV-1 
protease-inhibitors (PI) frequently show insulin-resistance, impaired 
alucose tolerance, hypertxi glyceri daemia and lipodystrophy (LD) . LD has 
often been reported only after the beginning of PI therapy. Some authors 
link LD . to HIV chronic infection, some others suggest that Pis increase 
pre-existent disturb. Preliminary data of an observational study drawn in 
IV day-hospital of Spallanzani Institute in Rome showed 
hypertriglyceridaemia in 36.4% and hyperglycaemia in 11.2% of patients 
treated with PI. Carr suggests that such drugs should have this 
lipid-increasing effect because "of their inhibition of low density 
lipoprotein-receptor-related protein, cytoplasmic retinoic-acid binding 
protein type 1 and P450 3A cytochrome. This theory doesn't explain why both 
untreated patients and treated with only reverse transcriptase inhibitors 
show sometimes the same disorders. According to another hypothesis Tumor 
necrosis factor-alpha, through inhibition of lipoprotein-lipase, would 
determine high fat-storage in the. adipose tissue. Cardiovascular risk 
factors have always to be assessed before starting a therapy with PI. 
Glycaemia, triglyceridaemia, cholesterolaemia have to be performed every 
three months during the treatment and, if necessary, C-Peptide and 
insulinaemia too. A treatment with lipid-lowering drugs is always 
recommended in patients with hypertriglyceridaemia > 500 mg/dl and/or 
hypercholesterolemia LDL >. 190. mg/dl in two following checks. Fibrates 
have proven to be effective in reducing hypertriglyceridaemia, but there is 
no certainty that such therapies could have good effects on the LD itself 
too. (58 Refs. ) 
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• Fat redistribution in the setting of protease inhibitor use is 
increasingly common and is associated with insulin resistance in human 
immunodeficiency virus (HIV) -infected patients. However, little is known 
regarding the factors that may contribute to abnormal insulin regulation in 
this population. We assessed fasting insulin levels in HIV-infected men and 
determined the relationship among insulin, body composition, endogenous 
gonadal steroid concentrations, and antiviral therapy in this population. 
We also determined the effects of exogenous testosterone administration 
using the homeostatic model for insulin resistance (HOMA IR) in hypogonadal 
HIV-infected men with the acquired immunodeficiency syndrome wasting 
syndrome. Fifty HIV-infected men with acquired immunodeficiency syndrome 
wasting were compared with 20 age- and body mass. index (BMI) -matched 
healthy control subjects. Insulin concentrations were significantly 
increased in HIV-infected patients compared to those in control patients 
(16.6+/-1.8 vs. 10.4+/-0.8 microU/mL; P<0.05) and were increased in 
nucleoside reverse transcriptase (NRTI ) -treated patients who did not 
receive a protease inhibitor.. (PI; 21.7+/-4.3 vs. 10.4+/-0.8 microU/mL; 
P<0.05). Insulin concentrations and HOMA IR were inversely correlated with 
the serum free testosterone concentration (r = -0.36; P = 0.01 for insulin 
level; r = -0.30; P = 0.03 for HOMA), but not to body composition 
parameters, age, or BMI. In a multivariate regression analysis, free 
testosterone (P = 0.05), BMI (P<0.01), and lean body mass (P =0.04) were 
significant. Lower lean body mass and higher BMI predicted increased 
insulin resistance. The HIV-infected patients demonstrated an increased 
trunk fat to total fat ratio (0.49+/-0.02 vs. 0.45+/-0.02; P<0.05) and an 
increased . trunk fat to extremity, fat ratio (1.27+/-0.09 vs. 0.95+/-0.06, P 
= 0.01), but a reduced extremity fat to total fat ratio , (0 . 44+/-0 . 01 vs. 
0.4 9 + 0.01; P = 0.02) and reduced overall total body fat (13.8+/-0.7 vs. 
17.2+/-0.9 kg; P<0.01) compared to the control subjects. Increased truncal 
fat and reduced extremity fat were seen among NRTI-treated patients, but 
this pattern was most severe among patients receiving combined NRTI and PI 
therapy [trunk fat to extremity ratio, 1.47+/-0.15 vs. 0.95+/-0.06 
(P<0.01); extremity fat to total fat ratio, 0.40+/-0.02 vs. 0.49+/-0.01 
(P<0.05)]. Insulin responses to testosterone administration were 
investigated among 52 HIV-infected men with hypogonadism and wasting 
(weight <90% ideal body weight and/or weight loss >10%) randomized to 
either testosterone (300 mg, im, every 3 weeks) or placebo for 6 months. 
Testosterone administration reduced HOMA IR in the HIV-infected men 
(-0.6+/-0.7 vs. +1.41+/-0.8, testosterone vs. placebo, P = 0.05) in 
association with increased lean body mass (P = 0.02). These data 
demonstrate significant hyperinsulinemia in HIV-infected patients, which 
can occur in the absence of PI use. In NRTI-treated patients not receiving 
PI, a precursor phenotype is apparent, with increased truncal fat, reduced 
extremity fat, and increased insulin concentrations. This phenotype is 
exaggerated in patients receiving PI therapy, with further increased 
truncal fat and reduced extremity fat, although hyperinsulinemia per se is 
not worse. Endogenous gonadal steroid levels are inversely related to 
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hyperinsulinemia in HIV-infected men, but reduced lean body mass and 
increased weight are the primary independent predictors of 
hyperinsulinemia. Indexes of insulin sensitivity improve in response to 
physiological androgen administration among hypogonadal HIV-infected 
patients, and this change is again related primarily to increased lean body 
mass in response to testosterone administration. 
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Protease inhibitor treatment has dramatically improved rates of morbidity 
and mortality in HIV-infected patients. However, it. has recently been shown 
that this medication is associated with, long-term side effects 
characterized by metabolic, clinical and biological alterations. These 
modifications have been described in "^a-tients treated with highly active 
antiretroviral therapy (HAART), including nucleoside analogue reverse 
transcriptase inhibitors (NRTI) and generally (but not always) protease 
inhibitors (PI). Clinical alterations are characterised by a body fat 
redistribution syndrome or lipodystrophy, with peripheral lipoatrophy 
and/or central fat accumulation. They are often associated with biological 
alterations, i.e.' insulin resistance, hyperglycaemia and dyslipidaemia, 
which . can also be observed alone. The pathophysiology of these alterations 
is presently unknown. The deleterious effect of PI on adipose tissue could 
be direct or. indirect, and is . probably modulated by genetic or 
environmental factors. NRTI could also be involved because of their 
mitochondrial toxicity. The purpose of the. treatment is to control 
metabolic disturbances in order to prevent immediate complications such as 
acute pancreatitis and limit possible cardiovascular and" diabetic 
complications at longer term. Studies are in progress to evaluate the 
possibility of therapeutic . alternatives to PI when major metabolic 
disturbances are present. ■ (97 Refs.) 
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The widespread use of highly active antiretroviral therapy led to a 
substantial decrease of HIV related-morbidity and mortality in 
industrialized countries. These recent- advances allow to envisage a 
chronicity of HIV infection and led HIV infected people to set up a 
familial or professional life-project, difficult to imagine until now. The 
increase ■ in lif e— expect an c 11 ' is nevertheless closely dependent on the 
prolonged adherence of the patients to therapy, which justifies the 
development of strategies to increase medication compliance. The 
side-effects of long-term taken drugs often impair the quality of life of 
HIV infected people: abnormal fat distribution and atherogen hyperlipidemia 
and insulin resistance, mainly described with protease inhibitors, are new 
worrying concerns. Chronicity of HIV infection favours also the development 
of co-morbidity (HIV-HCV co-infection) . The necessity of a more global and 
varied case management of people living with HIV is emerging simultaneously 
with a new dynamic of clinical research whose ultimal goal still remains 
the achievement of HIV eradication strategies. 
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The introduction of highly active antiretroviral therapy has 
significantly reduced morbidity and mortality in patients infected with the 
human immunodeficiency virus. Treatment with antiretroviral 
agents — protease inhibitors in particular — has uncovered a syndrome of 
abnormal fat redistribution, dyslipidemia, and impaired glucose metabolism, 
collectively t s rme d 1 ipody 3 1 r ophy s ynd r ome . The c a u 3 e of t h e 3 y nd r cms s e ems 
to be multifactorial; however, . its exact mechanisms have yet to be 
elucidated. Accelerated risk for cardiovascular disease is likely to be a 
major concern in these patients in the future. At this time, no clinical 
guidelines are available for the prevention and/or the treatment of 
lipodystrophy syndrome. The available treatment options range from 
switching the different antiretroviral drugs and lifestyle modifications to 
the use of pharmacologic agents to treat patients with dyslipidemia, 
impaired glucose tolerance and/or diabetes, and changes in body 
composition. This review emphasizes the clinical features, potential 
molecular mechanisms, and treatment options for patients infected with 
human immunodeficiency virus who have lipodystrophy syndrome. (66 Refs.) 

Tags: Human 

. Descriptors: Anti - HIV Agents — adverse effects — AE; *Anti-HIV 
Agents — therapeutic use — TU; *Cardiovascular Diseases — etiology — ET; ■ 
*Cardiovascular Diseases — physiopathology — PP; *HIV Infections 

— complications— CO; *HIV Infections — drug therapy — DT; *HIV-Associated 
Lipodystrophy Syndrome — etiology — ET; *HIV-Associated . Lipodystrophy 
Syndrome — physiopathology — PP; *Hyperlipidemia — etiology — ET; *Hyperlipide 
mia— physiopathology — PP; * Insulin Resistance — physiology — PH; Cardiovascul 
ar Diseases — therapy — TH; HIV Infections — physiopathology — PP; 

HIV-Associated Lipodystrophy Syndrome — therapy — TH; Hyperlipidemia — therapy 
— TH 

CAS Registry No. : 0 (Anti-HIV Agents)- 
Record Date Created: 20030312 
Record Date Completed: 20030325 



55 



29/9/2 

DIALOG (R) File 155 : MEDLINE (R) 

(c) format only 2003 The Dialog Corp. All rts. reserv. 

11983882 99428979 PMID: 10499191 

Diabetes, insulin . resistance and dyslipidaemia in lipodystrophic 
HIV-infected patients on highly active antiretroviral therapy (HAART) . 

Vigouroux C; Gharakhanian S; Salhi Y; Nguyen T H; Chevenne D; Capeau J; 
Rozenbaum W 

Service de Biochimie, Hopital Rothschild, Paris, France. 

Diabetes & metabolism (FRANCE) Sep 1999, 25 (3) p225-32, ISSN 
1262-3636 Journal Code: 9607599 
Document type: Journal Article 
Languages: ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 
Subfile: INDEX MEDICOS; AIDS/HIV 

This study assessed glucose tolerance, insulin sensitivity and lipid 
parameters in HIV-infected patients presenting with lipodystrophy during 
HAART including protease inhibitors. • Fourteen consecutive patients from 
Rothschild Hospital treated with HAART and presenting with marked facial 
lipoatrophy were evaluated. A 75 g oral glucose tolerance test (OGTT) with 
measurement of plasma glucose, insulin, proinsulin and free fatty acids at 
TO, 30, 60, 90 and 120 min was performed. Lipid parameters (triglycerides, 
cholesterol, apolipoproteins Al and B) were studied as well as nutritional 
and inflammatory markers (albumin, prealbumin, transferrin, haptoglobin, 
orosomucoid, C- reactive protein) , endocrine and cytokine • parameters 
(thyrotropin, Cortisol,. leptin, interleukin-6) , HIV. viral load and 
CD4-lymphocyte count. These patients were compared with 20 
non-lipodystrophic protease inhibitor-treated patients. The measurements 
performed during OGTT showed that among the 14 lipodystrophic patients, 11 
(79%) presented with diabetes (5 patients) or normal glucose tolerance but 
with insulin resistance (6' patients). This frequency was strikingly 
different in the group of nonlipodystrophic patients, which included only 4 
(20%) presenting with diabetes (1 patient) , or impaired glucose tolerance 
(2 patients), or normal glucose tolerance but with insulin resistance (1 
patient) . Hypertriglyceridaemia was present in 11 lipodystrophic (79%)- 
versus 7 nonlipodystrophic patients (35%). Nutritional and endocrine' 
measurements were normal. An abnormal processing of . proinsulin to insulin- 
was excluded. Thus, lipodystrophy during HAART was associated with 
diabetes, insulin resistance and hypertriglyceridaemia. Diabetes, diagnosed 
by basal and/or 120 min-OGTT glycaemia, seems more frequent than previously 
described. The therapeutic consequences of these results deserve evaluation 
in clinical trials. 
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